Abstract The radiogenic isotope composition of neodymium (Nd) and strontium (Sr) are useful tools to investigate present and past oceanic circulation or input of terrigenous material. We present Nd and Sr isotope compositions extracted from different sedimentary phases, including early diagenetic Fe-Mn coatings,
Introduction
The radiogenic isotope compositions of Nd and Sr in seawater and sediments have been demonstrated to be useful tools to understand Earth surface processes given that they are not affected by biological fractionation or thermodynamic processes that potentially bias nutrient-based tracers [e.g., Frank, 2002] . Thus, they serve as tracers of present [e.g., von Blanckenburg, 1999; Goldstein and Hemming, 2003; Rickli et al., 2009; Stichel et al., 2012a; Molina-Kescher et al., 2014] and past oceanic circulation regimes [e.g., Rutberg et al., 2000; Scher and Martin, 2004; Piotrowski et al., 2005 Piotrowski et al., , 2008 Piotrowski et al., , 2012 Gutjahr et al., 2008; Pahnke et al., 2008; Basak et al., 2010; Martin et al., 2012; Pena et al., 2013] . Detrital silicate signatures trace continental weathering regimes, inputs, and transport [e.g., Walter et al., 2000; Franzese et al., 2006; Roy et al., 2007; Hemming et al., 2007; Ehlert et al., 2011; Fagel and Mattielli, 2011; Stumpf et al., 2011; Asahara et al., 2012; Dou et al., 2012; Soulet et al., 2013] , or dust input to the oceans [e.g., Goldstein et al., 1984; Greaves et al., 1994; Grousset and Biscaye, 2005 , and references therein; Delmonte et al., 2004; Revel-Rolland et al., 2006; Noble et al., 2012] . Radiogenic isotope signatures are obtained either directly from seawater, from authigenic seawater-derived phases such as carbonates, fish teeth, early diagentic Fe-Mn coatings of sediment particles, or from weathered terrigenous detrital silicate material.
The radiogenic isotope composition of Nd ( 143 Nd/ 144 Nd) is expressed in the epsilon (e Nd ) notation:
e Nd 5 [( continental source rocks is supplied to the surrounding oceans via rivers and dissolution of particles, thus transferring characteristic signatures to the ocean, which, together with the short oceanic residence time of Nd of 400-2000 years [Tachikawa et al., 2003; Arsouze et al., 2009; Rempfer et al., 2011] , permits the flow paths and mixing of major water masses to be tracked. Nevertheless, the use of Nd isotopes is not without complications due to processes that affect their quasi-conservative behavior in seawater such as interactions with the sediments, particle dissolution, and reversible scavenging in the water column. Processes that cause the seawater isotope composition to change with no significant increase in the dissolved Nd concentration are referred to as ''boundary exchange'' [Lacan and Jeandel, 2005; Singh et al., 2012; Stichel et al., 2012b; Pearce et al., 2013] . These processes have been demonstrated to play an important role in the REE budget of the oceans [e.g., Rempfer et al., 2011] , although their magnitude and the particular underlying mechanisms differ between oceanic regions and are an area of active research [e.g., Wilson et al., 2012 Wilson et al., , 2013 Huang et al., 2014; Molina-Kescher et al., 2014] . Efforts have been made to resolve these issues, such as expanding the knowledge of the natural cycle of trace elements in the ocean through new dedicated investigations and data along ocean sections, such as in the frame of the international GEOTRACES program [SCOR Working Group, 2007] , or through modeling studies applying different parameterizations [Siddall et al., 2008; Arsouze et al., 2009; Jones et al., 2008; Rempfer et al., 2011 Rempfer et al., , 2012 .
For paleoceanographic studies, the reliable extraction of the seawater signal from sedimentary records [Gutjahr et al., 2007; Elmore et al., 2011; Roberts et al., 2010 Roberts et al., , 2012 Piotrowski et al., 2012; Wilson et al., 2013; Kraft et al., 2013] is crucial. Different approaches to obtain the seawater e Nd signal from authigenic, seawater-derived phases of marine sediments have been proposed, such as biogenic apatite of fish teeth [Martin and Haley, 2000; Martin and Scher, 2004] , biogenic carbonates such as benthic foraminifera [Klevenz et al., 2008] , deep sea corals [van de Flierdt et al., 2010] , or authigenic Fe-Mn coatings of particles. The signatures contained in the latter are advantageous because they are widely available and allow high spatial and temporal coverage but have to be reliably separated from the ''contaminant'' detrital contributions. This has been achieved by only using authigenic FeMn coatings of planktonic foraminifera [Roberts et al., 2010 Tachikawa et al., 2014] or by applying different leaching methods and reagents to bulk sediments [Rutberg et al., 2000; Bayon et al., 2002; Gutjahr et al., 2007; Charbonnier et al., 2012; Wilson et al., 2013] . Despite these effects, there have only been a few studies to date that directly compare bottom seawater Nd isotope compositions to those obtained from the sediments immediately below [Tachikawa et al., 2004; Elmore et al., 2011; Roberts et al., 2012; Huang et al., 2014] .
Recently, new dissolved Nd isotope data sets have been published for the South Pacific [Carter et al., 2012; Jeandel et al., 2013; Molina-Kescher et al., 2014; Rickli et al., 2014] , but sedimentary e Nd signatures have essentially not been studied in this very large region to date, the only exception being the eastern New Zealand margin Noble et al., 2013] . In this study, we obtain the first e Nd signatures from different authigenic and detrital fractions of sediment core-tops in the open South Pacific and compare them directly to the signatures of overlying bottom seawater [Molina-Kescher et al., 2014] . Two important questions can be elucidated from this comparison of water and sedimentary e Nd data:
(1) what role does seawater-sediment interaction play in the oceanic Nd cycle? This includes ''boundary exchange,'' for which continental margins are considered to be both an important source and sink of Nd in the oceans [Tachikawa et al., 2003; Lacan and Jeandel, 2005; Rempfer et al., 2011] and (2) can the Nd isotope composition of bottom seawater in the South Pacific be reliably obtained from the sediments below in order to reconstruct past ocean circulation in this region? To resolve this second question, we compare results of four different extraction methods to obtain sedimentary seawater e Nd signatures (''unclean'' planktonic foraminifera, fossil fish teeth/debris, ''decarbonated,'' and ''nondecarbonated'' leachates of authigenic Fe-Mn coatings) and evaluate the importance of the two end-members that contribute to the authigenic sediment e Nd signatures: the detrital fraction of the sediment and the Nd dissolved in seawater. To corroborate the reliability of the extracting methods, we also examine Al/Ca ratios, REE patterns, and Sr isotope compositions to assess the absence of detrital contributions to the extracted solutions and to support the seawater origin of the Nd isotope ratios in the different phases.
The South Pacific is one of the regions where the lowest sedimentation rates globally occur. Below the carbonate compensation depth (CCD) located at around 4500 m water depth, the Southwest Pacific basin exhibits rates lower than 1 mm/kyr [e.g., Schmitz et al., 1986; Glasby et al., 1991 Glasby et al., , 2007 Rea et al., 2006] . This is a consequence of the isolation and the absence of large landmasses resulting in low atmospheric dust deposition compared to other oceanic regions [Rea, 1994; Prospero, 2002] . The small amount of dust that is supplied mainly consists of fine particles transported by the Southern Western Winds (SWW) from Australia Geochemistry, Geophysics, Geosystems
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and New Zealand [Windom, 1970; Thiede, 1979; Fletcher and Moreno, 2012; Marx et al., 2014] . Transport of such particles by currents from other important continental regions that surround this enormous area, such as South America and Antarctica, may also contribute to the deep South Pacific. In order to track the provenance of the fine-grained terrigenous material (New Zealand, Australia, South America, and possibly also Antarctica) in different parts of this vast region, we combine Nd and Sr isotope compositions of the detrital silicate fraction of the sediment similar to studies carried out in the Atlantic section of the Southern Ocean [Franzese et al., 2006] .
Study Area, Samples, and Methods
The hydrography of the South Pacific is dominated by Southern Ocean-derived water masses at intermediate (AAIW) and bottom (LCDW) depths (e Nd ranging 28 to 29) whereas middepths between 1000 and 3500 m are occupied by more radiogenic Pacific-derived waters (Figure 1 ; see Molina-Kescher et al. [2014] for a detailed discussion). This is particularly the case in the eastern South Pacific where the main outflow of NPDW (average e Nd 5 25.9 6 0.3) to the Southern Ocean occurs. In contrast, southeast of New Zealand, a Deep Western Boundary Current (DWBC) [e.g., flowing to the north prevails that feeds the entire Pacific Ocean with circumpolar deep waters.
For this study, 31 core-top sediment samples were collected aboard the German RV SONNE during expedition SO213 that took place from December 2010 to March 2011 along a longitudinal transect between 36 S and 45 S extending over approximately 10,000 km from central Chile to New Zealand ( Figure 1 ). All coretop sediment samples, from water depths between 542 and 5133 m (Table 1) , represent undisturbed surface sediments as these were obtained using a multicore device, except sample 66-5 that corresponds to the first centimeters of the core-catcher of a piston core and thus its exact depth in the sediment is not known. Most samples were obtained above the carbonate compensation depth (CCD) and are therefore mainly composed of shells of foraminifera, as reflected by the typically high carbonate contents near 90% for the open ocean samples (Table 2) . Biogenic opal is almost absent in all samples and the presence of detrital silicates is considerably higher in the samples obtained on the New Zealand Margin, ranging between 25% and 80%, and in two deep open ocean samples obtained below the CCD, 14-1 and 22-4, composed of 42% and 76% detrital silicates, respectively.
Methods Applied to the Extraction of Nd and Sr Isotope Signatures
Four different techniques were applied for the extraction of seawater-derived Nd and Sr isotope signatures from different phases of the sediment. In addition, detrital Nd and Sr isotope signatures were obtained from the same samples. Geochemistry, Geophysics, Geosystems
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Ferromanganese Coatings of Bulk Sediments
The first technique employed was the extraction of the seawater Nd and Sr isotopic signatures from authigenic ferromanganese coatings of the bulk sediment (3 g) applying the leaching protocol of Stumpf et al. [2010] . The procedure consists of an initial double rinsing of the freeze-dried bulk sediment with deionized water followed by removal of the carbonate fraction of the sediment using acetic acid buffered with Naacetate. The ferromanganese coatings were subsequently dissolved in a 0.05 M hydroxylamine hydrochloride/15% acetic acid solution (HH) buffered to pH 3.6 with NaOH. This method was applied for 29 samples for Nd and Sr isotope analysis and for three samples only for Nd analysis. We will refer to this method as ''decarbonated leaching,'' which is distinct from the ''nondecarbonated leaching'' method, hereafter referred as ''leaching,'' consisting of the same procedure described above but omitting the initial carbonate removal step. This second method was used for 19 samples only for analysis of Nd isotope compositions.
Planktonic Foraminifera With Ferromanganese Coatings
Between 25 and 75 mg of mixed species whole planktonic foraminifera shells were hand picked from the >250 lm size fraction under a light microscope from 22 different locations. Samples were subsequently cracked between glass plates, observing with a binocular to ensure that all chambers were opened and were ultrasonicated several times in deionized water and then in methanol to ensure the removal of most of the clays and silicate particles. The carbonates and associated ferromanganese coatings of the samples were then progressively dissolved by stepwise addition of dilute nitric acid (in total 2 mL 0.5 M HNO 3 ). The solution was then centrifuged to ensure removal of the smallest detrital particles. A very similar procedure was named ''unclean forams'' by Roberts et al. [2010] , who used picked planktonic forams, from which detrital silicate had been removed to analyze the Nd of the carbonate fraction together with Fe-Mn coatings [e.g., Elderfield, 1985, 1986 ]. We will use the same term in our study to indicate that a reductive cleaning step for the dissolution of the coatings was not applied but that the e Nd signature of the combined foraminiferal carbonate and coatings was measured. As demonstrated in many settings [e.g., Roberts et al., 2010 Roberts et al., , 2012 Kraft et al., 2013; Tachikawa et al., 2014] , this method provides reliable bottom water signatures given that the Nd concentrations in the calcite are negligible compared to those in the coatings, which precipitate and equilibrate in bottom waters.
Fish Teeth/Debris
Fish teeth and debris were found in the same size fraction as the foraminferal shells in five samples. These were hand picked and separated from detrital and carbonate particles by rinsing with deionized water and methanol to be finally digested in 6 M HCl [e.g., Martin and Scher, 2004] .
Detrital Silicate Fraction
After application of the ''decarbonated'' leaching method described above, a second HH leach of 24 h was applied to those samples chosen for detrital silicate analyses in order to ensure that all Fe-Mn oxides were removed [e.g., Innocent et al., 1999; Bayon et al., 2002; Gutjahr et al., 2007] . This resulted in a fine-grained residue only consisting of the lithogenic detrital silicate fraction that was treated first with aqua regia and subsequently completely digested in a mixture of concentrated nitric and hydrofluoric acid similar to Stumpf et al. [2011] . In total, 26 samples were prepared for analysis of detrital Nd isotopes and 18 samples for detrital Sr isotopes.
Column Chemistry and Determination of Isotopic Signatures
Nd and Sr were separated from other elements applying a two-step ion chromatographic separation. The solutions resulting from the different extracting methods were brought through columns filled with 0.8 mL of BioradV R AG50W-X12 resin (200-400 lm mesh-size) [Barrat et al., 1996 ] to separate REEs and Sr. The Geochemistry, Geophysics, Geosystems
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solutions containing Nd and Sr were further purified using EichromV R Ln Spec resin (50-100 lm mesh-size, 2 mL resin bed) [Le Fevre and Pin, 2005] and Eichrom Sr Spec resin [Horwitz et al., 1992] , respectively. Isotopic ratios of both elements were measured on a Nu plasma MC-ICPMS at GEOMAR, using ratios of 0. Tables  1 and 2 ).
Determination of Al/Ca Ratios and REE Concentrations on ''Unclean'' Foraminifera Cuts
Al/Ca and REE concentrations on ''unclean'' foraminifera were measured on an Agilent 7500ce ICP-MS in the same laboratory and using the same methods described in Kraft et al. [2013] . Briefly, 27 Al was measured simultaneously with other elements on samples diluted to 10 ppm Ca content following a first step to measure the Ca concentration of the samples. Element/Ca ratios were calculated from intensity ratios [Rosenthal et al., 1999] calibrated using standards with similar ratios to those found in foraminifera. The 2r uncertainty was 6-7% for Al/Ca ratios. REE concentrations were obtained using an online preconcentration (OP) ICP-MS technique modified from Hathorne et al.
[2012] using a ''seaFAST'' system (Elemental Scientific Inc.) coupled to the ICP-MS on samples diluted to a Ca concentration of 25 ppm. The 2r uncertainty based on repeated measurement of a sample averaged 9% (see Table 3 for all elements).
14 C Dating
Eight of the core-tops including at least one sample for each of the different areas and depths investigated in this study were radiocarbon dated (see areas in Figure 4 ). The analyses were carried out by the Leibniz Labor at Christian-Albrechts University Kiel on 1-1.4 mg of hand-picked mixed planktonic foraminiferal shells using accelerator mass spectrometry (AMS) and following the procedure after Stuiver and Polach [1977] , which briefly consists in the release of 14 C, 13 C, and 12 C in form of CO 2 gas of the samples and comparison to known concentrations of the same isotopes of a standard (Oxalic Acid II), correcting for isotope fractionation by simultaneously measuring the 13 C/ 12 C ratio. 14 C ages were converted to calendar age using the radiocarbon calibration program CALIB 7.0 [Stuiver and Reimer, 1993; Reimer et al., 2013] with a DR correction of 560 years appropriate for this region [Bard, 1988] .
Results

Neodymium and Strontium Isotope Composition of the Detrital Silicate Fraction
Detrital e Nd signatures (Table 1) show the most positive e Nd signatures at the locations nearest to the continental landmasses (Figure 2 ), ranging from 23 to 24 off New Zealand and from 21 to 24 in the Chile basin. The signatures become significantly less radiogenic as the distance from the continents increases, with the marked exception of station 57-1, located at the summit of the East Pacific Rise (EPR), which shows an e Nd value of 22.6 pointing to a significant contribution of mantle-derived rocks. Compared to the seawater signatures at the same or nearby stations [Molina-Kescher et al., 2014] , the detrital e Nd signatures show more radiogenic values than the bottom waters for the entire study area (Figure 3) . The difference between bottom waters and detrital Nd isotopic compositions varies between 6 and 1 e Nd units, with the largest differences found in the New Zealand margin (Figure 3a The detrital Sr isotope signature of sample 57-1 is significantly less radiogenic than neighboring samples also pointing to a contribution of mantle rocks, however, with a less pronounced difference than in the case of Nd isotopes. This exceptional and marked difference toward less (more) radiogenic Sr (Nd) isotope compositions of sample 57-1 is due to an increased abundance of black basaltic particles of around 5% as observed under a light microscope. These particles are in the same size range as the foraminifera that compose around 95% of the sample and most likely originate from the Mid Oceanic Ridge (MORB). This finding points to submarine volcanic eruptions contributing to the sediment close to the active hydrothermal regions, in this case, the summit of the East Pacific Rise. This supports previous evidence of explosive eruptions at mid-ocean ridges [Clague et al., 2009; Helo et al., 2011] . Similar particles were not found in the other samples of this study.
Neodymium and Strontium Isotope Signatures in Leachates, Foraminifera, and Fish Teeth
Applying the four different extraction methods to obtain authigenic bottom water e Nd signatures from the sediments, all the data are systematically more radiogenic than those of the seawater Nd isotope compositions at the same locations and depths. The offsets, however, vary substantially between different methods and areas. The best agreement between the Nd isotope composition of seawater and authigenic sediments is observed on the East Pacific Rise (Figure 3c ) and in the Chile Basin (Figure 3e ), despite that in the later case the difference between both potential end-members (detrital silicate and seawater) is up to 5 e Nd units in the deeper areas. The largest difference between the extracted authigenic signal and the bottom waters of 2-3 e Nd units is observed above the Chile Rise (Figure 3d ). In this case, the authigenic sediment signatures are identical within error to the detrital e Nd signatures. Generally, the results of the ''decarbonated'' leaching method were most different from the seawater signatures (2-5 e Nd units, especially in near coastal regions, such as at the New Zealand Margin (Figure 3a) . These data in most cases closely match those of the detrital silicates whereas the ''unclean'' forams and ''nondecarbonated'' leachates only differ by 2 e Nd units from the water and by 3 e Nd units from the detritus. ( Figure 4 ) and average 0.70925 (60.0003). This is close to the established seawater value of 0.70918 [e.g., Henderson et al., 1994] and thus apparently supports that the e Nd values obtained from the ''decarbonated'' leachates are entirely seawater derived. However, as discussed below in section 4.2.2 the interpretation is more complex.
3.3. Elemental Ratios and REE Concentrations of the ''Unclean'' Foraminifera Al/Ca ratios and REE patterns were obtained on the dissolved ''unclean'' foraminifera in order to detect any potential detrital contributions to the authigenic bottom water e Nd signal recorded by the Fe-Mn coatings of the planktonic foraminifera shells.
Al/Ca ratios (Table 2) were below detection limit in 13 of 22 samples and below 100 lmol/mol in the rest of the samples except 84-2 and 85-1. Values above 100 lmol/mol have been considered to indicate clay contamination of the samples [Ni et al., 2007; Kraft et al., 2013] . Only samples 84-2 (362 lmol/mol) and 85-1 (229 lmol/mol), located very close to South Island of New Zealand on the Western Chatham Rise (Figure 1) show Al/Ca ratios above 100 lmol/mol indicating that the extracted Nd isotope ratios of these two samples might be slightly contaminated by the detrital Nd isotope composition (see section 4.2.1). The REE concentration patterns normalized to the Post Achaean Australian Sedimentary Rocks (PAAS) [Taylor and McLennan, 1985] (Table 3 and Figure 5 ) show seawater-like patterns for all unclean foraminifera samples, including a marked Ce anomaly and a progressive light to heavy increase in REE abundance, although the HREE enrichment is less pronounced than in seawater. The Ce anomaly is, however, less pronounced near the New Zealand Margin, such as in sample 84-2 (Table 3 and Figure 5 ). In Figure 5 , the shape of the REE patterns of ''unclean'' foraminifera and seawater of this and other studies [e.g., Martin et al., 2010] is compared and suggests that detrital contributions do not affect the REE concentrations of the Fe-Mn coatings extracted from ''unclean'' foraminifera (R 5 0.86). These data generally support the bottom seawater origin of the e Nd signatures obtained from ''unclean'' foraminifera shells, except for samples 84-2 and 85-1.
3.4.
14 C Ages of Core-Tops
The calibrated 14 C ages of the eight core-tops analyzed (Table 2 ) range between 4142 6 259 and 24,226 6 811 years, as a consequence of the very low sedimentation rates in the open South Pacific that range from less than 1 mm/kyr [Glasby et al., 2007] to 20 mm/kyr [Tiedemann et al., 2014] . Rates are considerably higher at around 138 mm/kyr on the New Zealand Margin , but the Bounty Trough has lower sedimentation rates than other parts of this margin: 3-27 mm/kyr [Griggs et al., 1983] . This leads to core-tops with a mixed/average age as old as 24 kyr before present (17-1) corresponding to the Last Glacial Maximum (LGM) and only two samples (20-1 and 84-2) with middle Holocene ages (4142 6 259 and 4952 6 238 years BP, respectively). All other analyzed samples represent the period of the last deglaciation and the early Holocene with an age range between 8000 and 17,000 years.
Discussion
Seawater-Sediment Interaction and the Present-Day Seawater Nd Isotope Signature
Direct comparison of bottom water e Nd signatures with those of the detrital material of our study allows an estimation of the importance of seawater-sediment interaction, a possible mechanism for boundary exchange [Lacan and Jeandel, 2005] , for the seawater Nd cycle in the South Pacific. The New Zealand Margin (Figure 3a) is the area where the differences in e Nd signatures between seawater and detrital silicate are largest, reaching up to 6 e Nd units. Sediment samples 78-1 and 79-1 are of particular interest for this purpose given that they were obtained together with the overlying bottom water samples (MuC-78 and MuC-79) in the same multicorer tube. In a previous study, these water samples were found to be relatively unradiogenic at e Nd values of 29.0 6 0.3 and 210.3 6 0.3, which was attributed to admixed North Atlantic Deep Water (NADW) [Molina-Kescher et al., 2014] . This remnant of NADW has also been documented in this region based on elevated salinity and low nutrients [Reid and Lynn, 1971; Warren, 1973; Gordon, 1975] and was named upper Lower Circumpolar Deep Water (uLCDW), located between 2800 and 3900 m water depth [Gordon, 1975; McCave et al., 2008; Noble et al., 2013] . The large difference between the Nd isotope compositions of detrital silicates and seawater observed in our study indicates that sedimentary contributions do not play a significant role for setting the dissolved Nd isotope signature of the bottom waters of this region and confirms the advective origin of these relatively unradiogenic seawater signatures. This suggests the absence of seawater-sediment interaction ''boundary exchange'' in the Deep Western Boundary Current (DWBC) of the Southwest Pacific [Molina-Kescher et al., 2014] , in contrast to the observations in the DWBC of the Southwestern Indian Ocean . Although the Nd isotope composition of bottom waters before entering the Bounty Trough is unknown and the large detrital-seawater e Nd difference itself does not completely exclude boundary exchange given that phases other than detrital silicates may be responsible for this process, the overall relatively radiogenic Nd isotope compositions of nearby continental rocks and sediments [e.g., Jeandel et al., 2007] of the area argue against this possibility. The absence of boundary exchange in the DWBC of the South Pacific may be explained by the low sedimentation rates in this area and the correspondingly longer periods of time in contact with seawater, which may have led to a loss of their reactivity.
The relatively unradiogenic residual e Nd signature of NADW observed on the southern flank of the Chatham Rise disappears quickly to the north of our sampling sites as documented by Holocene ''unclean'' planktonic foraminifera e Nd data of 26.8 6 0.4 obtained at the northern flank of the Chatham Rise [Noble et al., 2013] . This suggests a clear separation of the hydrography on both sides of the rise in terms of dissolved Nd isotope compositions with a clear dominance of Pacific-derived waters on the northern flank of Chatham Rise, similar to observations based on hydrographic parameters [McCave et al., 2008; Bostock et al., 2011] . The difference may also be the result of a recent change in the circulation (see section 4.2.1). However, the absence of dissolved seawater e Nd measurements from the northern Chatham Rise does not allow verification of these hypotheses as yet and although boundary exchange [Noble et al., 2013] may be responsible for significant modifications of seawater e Nd signatures, clearly its absence in the Bounty Trough suggests these processes are spatially and temporally variable. This difference in seawater-sediment interaction in the eastern New Zealand Margin could result from differences in organic matter content of the sediments, which is considerably higher, of up to 14%, on the northern side of the Chatham Rise, whereas the southern side in the Bounty Trough values are between 1 and 3% [Hayward et al., 2002] .
Sediments from other locations of this study, such as samples 68-1 (Figure 3b ) or 63-1 and 64-2 (Figure 3c ), show very similar detrital, authigenic, and seawater e Nd signatures, which suggests potential seawatersediment interactions, potentially caused by labile Nd in detrital silicates. However, this is most likely coincidence, given that the seawater Nd isotope compositions of these locations are clearly consistent with the Geochemistry, Geophysics, Geosystems Hydrothermal contributions to seawater Nd isotope compositions of the East Pacific Rise are also insignificant given that the highly radiogenic Nd contributions of MORB to the detrital fraction of sample 57-1 (see section 3.1) are not reflected in the corresponding seawater signatures of profiles 50 and 54 between 700 and 1900 m (Figure 3c ).
Reliable Extraction of the Seawater Nd Isotope Signatures From the Sediments
One of the main goals of this study is a comparison of the results of the different methods to extract bottom water Nd isotope compositions to the signatures of the overlying water column and of the detrital fraction in order to identify the most appropriate technique for future paleoceanographic reconstructions of the deep water circulation in this area. This comparison, presented in Figure 3 , shows that the reliability of the different methods changes considerably between locations, although ''unclean'' planktonic foraminifera, leachates, and fish teeth display e Nd values that are close to the respective seawater signatures and are therefore considered the best techniques. Although mostly yielding trends and changes with water depth similar to seawater e Nd , the results of all sediment extraction techniques applied here are offset to more radiogenic Nd isotope compositions and thus toward the compositions of the detrital material. It might be argued that the offset between sedimentary and seawater e Nd signatures is a consequence of partial dissolution of the detrital silicate fraction, which during the extraction procedures biased the extracted seawater Nd isotope compositions. As indicated by Al/Ca and REE patterns (see section 4.2.1), this is most probably the case for samples 84-2 and 85-1, and for the ''decarbonated'' leachates in near coastal areas (see sections 4.2.2 and 4.2.3) but cannot explain the foraminifera and fish teeth data. Therefore, this offset is most likely the result of the relatively old integrated age of the core-top sediments (see section 4.2.1).
The presence of basaltic material in the sediment of sample 57-1 on the East Pacific Rise (Figure 3c ) is not reflected in the leached authigenic Nd isotope signatures of the same samples. This suggests an insignificant hydrothermal contribution to these sediments and documents that the seawater signature can be extracted reliably despite the presence of high reactive basaltic material [Pearce et al., 2013] in the sediments.
Integration of e Nd Values From Seawater Subject to Different Circulation States
The extremely low sedimentation rates in the South Pacific result in the integration of seawater e Nd values reflecting different circulation states of the past up to 24,000 years.
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Th analyses performed in the area of this study [Schmitz et al., 1986] found evidence of sediment redistribution processes in the western and central South Pacific, which have particularly affected the area near the Valerie Passage, where the DWBC intensifies . This area is located much further north than the locations of our samples. Significant sediment redistribution processes have only been observed further south below the South Pacific sector of the Antarctic Circumpolar Current [Chase et al., 2003] . The low sedimentation rates observed in our entire study area essentially exclude any significant accumulation of sediments transported by bottom currents and winnowing would not affect the authigenic Nd isotope signatures. Therefore, the observed e Nd offsets between local seawater and biogenic/authigenic phases are very unlikely significantly influenced by sediment redistribution processes.
Al/Ca ratios and REE patterns (section 3.3) measured in ''unclean'' foraminifera in almost all cases clearly support a seawater origin of the e Nd signatures, which also supports the same origin for Nd extracted from the fish teeth and ''nondecarbonated'' leachates given that all three methods generally yield identical Nd isotope compositions within error. Bioturbation is most probably not the mechanism responsible for the integration of the e Nd signatures of different circulation modes in the authigenic phases as it varies with grain size [Bard, 2001] and consequently coarser fractions (forams/fish teeth) and finer fractions (leachates) should register different Nd isotope compositions, which is not the case. Therefore, the interaction of pore waters with the authigenic phases could play a crucial role in their e Nd signatures. However, Figure 5 shows that the PAAS-normalized REE concentration patterns of our ''unclean'' foraminifera are more similar to typical seawater than observed in other studies and closer to the seawater end-member in the MREE/ MREE* versus HREE/LREE plot , and references therein; Kraft et al., 2013] . Authigenic sedimentary REE extractions usually present a characteristic middle REE enrichment (''MREE-bulge'') as a consequence of diagenesis in suboxic and anoxic sediments that results in the reduction of Fe-Mn oxyhydroxides Geochemistry, Geophysics, Geosystems [ Haley et al., 2004; Martin et al., 2010 , and references therein; Kim et al., 2012; Kraft et al., 2013] and/or the degradation of organic matter within the sediment [Freslon et al., 2014] . The lower MREE/MREE* ratios than observed in other studies (gray fields in Figure 5 , obtained from Martin et al. [2010, and references therein] ) suggests a lower pore water contribution than in other regions but all pore waters do not have high MREE/ MREE* ratios [Haley et al., 2004] , and without pore water measurements from this region no firm conclusion can be made. The relatively low MREE/MREE* ratios ( Figure 5 ) may also reflect the low primary productivity in the oligotrophic waters between the South Pacific subtropical gyre and the subtropical front delivering little organic matter to the sediments.
The integration of signatures from different periods of time results in some important observations: in the case of the water and sediment samples simultaneously retrieved within the same multicore tube from the New Zealand margin (MuC-78, 78-1, and MuC-79, 79-1; Figure 3a) , the relatively unradiogenic seawater e Nd signal (29.0 and 210.3, respectively) does not match ''unclean'' foraminifera e Nd signatures (27.3 6 0.4 and 27.7 6 0.4, respectively) but the latter agree with Holocene ''unclean'' foram data (26.8 6 0.4) from the northern flank of the Chatham Rise [Noble et al., 2013] , obtained at 500-1000 km to the north of our location on similar depths (3200 m; see Figure 1 ). This suggests that the remnant of NADW identified by the seawater Nd isotope composition (see section 4.1) only represents a ''snapshot'' of today's seawater composition, most probably caused by a recent change in the circulation of the area that has not yet been transferred to the sedimentary record. A similar observation was made in the eastern South Pacific in the vicinity of the Chile Rise (Figure 3d) , where a remarkable offset between the integrated LGM-Holocene sedimentary e Nd signatures and the prevailing seawater Nd isotope compositions (4 e Nd units) is found. This is considerably larger than the offsets between seawater and authigenic sediment fractions in the adjacent Chile Basin and East Pacific Rise areas (Figures 3c and 3e) . Today the deeper part (below 2000 m water depth) of the Chile Rise area, between 90 W and 110 W, is occupied by CDW and thus relatively negative seawater Nd isotope compositions prevail compared to the adjacent regions, which are dominated by NPDW. A deepening of radiogenic NPDW during glacial periods, as already deduced in a number of paleoceanographic studies [e.g., Matsumoto et al., 2002 , and references therein], would produce a more pronounced change of Nd isotope compositions in the less radiogenic waters of the Chile Rise area (Figure 3d ) explaining the large seawater-sediment e Nd offset observed (Figure 3d ).
Detrital Contributions
Although ''unclean'' foraminifera have generally proven to be reliable recorders of seawater Nd isotope compositions [e.g., Roberts et al., 2010; Tachikawa et al., 2014] , in this study, the two samples from locations closest to land, namely 84-2 (995 m depth) and 85-1 (832 m depth), show relatively high Al/Ca ratios of 362 and 229 lmol/mol and high proportions of detrital silicate of 57% and 64%, respectively (Table 2 ). This indicates that the extracted Nd isotope signatures were slightly contaminated with detrital silicate. It is also possible that the partial dissolution of the mainly volcanogenic material during early diagenetic processes and subsequent incorporation of detrital Nd isotope compositions into Fe-Mn oxhydroxide coatings could drive e Nd signatures more radiogenic (25.4 6 0.3 and 25.8 6 0.3, respectively) than expected for Antarctic Intermediate Water (AAIW) prevailing at the water depths of these two samples. Foraminiferal Nd isotope data obtained from settings close to the coast may generally be prone to such bias and therefore should be accompanied by elemental data to ensure that the removal of detrital material was sufficient. Similar observations have been made in other near coastal areas, such as the Gulf of Guinea [Kraft et al., 2013] .
Failure of ''Decarbonated'' Leachates as Recorders of Seawater Nd Isotope Compositions in Volcanic Regions
A decarbonation step prior to the HH-leach of the bulk sediment has been a commonly used procedure of the seawater Nd isotope extraction methods for the reconstructions of past deep water circulation regimes [e.g., Piotrowski et al., 2005 Piotrowski et al., , 2008 Gutjahr et al, 2007 Gutjahr et al, , 2008 . In our study area, ''decarbonated'' leachates are, however, clearly biased toward detrital signatures in near coastal locations, such as the New Zealand Margin (Figure 3a ) and the Chile Basin (Figure 3e) . The e Nd signatures of the unclean forams and leachates are significantly different from the ''decarbonated'' leachates, with the latter in most cases being similar to or indistinguishable from the signatures of the detrital fraction. As shown by Wilson et al. [2013] , the use of an acetic acid decarbonation step prior to the HH leach results in the partial dissolution of remaining nonauthigenic phases, in our case mostly of readily acid-soluble particles of volcanic origin, which alter the signatures extracted by ''decarbonated'' leaching. It is evident that this procedure fails to provide reliable bottom Geochemistry, Geophysics, Geosystems [Gutjahr et al., 2008] , the Indian Ocean [Piotrowski et al., 2009] , or the Atlantic sector of the Southern Ocean [Piotrowski et al., 2005 Gutjahr et al., 2007] among other regions. The success of this technique may therefore be related to the absence of active volcanism in the studied area. This technique has also failed in regions of high detrital sedimentation rates where the presence of ''preformed'' continental oxides may contaminate the seawater signal extracted by leaching [e.g., Bayon et al., 2004; Kraft et al., 2013] , which may also be the case for the samples from the New Zealand Margin. As shown in section 3.2 and Figure 4 , obtaining a Sr isotope signature close to that of modern seawater in the ''decarbonated'' leachates may not serve as an unambiguous proof for a pure seawater Nd isotope signature. In samples rich in carbonates with relatively high Sr concentrations, even a small fraction of residual carbonate after the acetic acid treatment may lead to a dominance of the seawater Sr isotope signature in the HH leach.
Provenance of Detrital Material in the South Pacific Deduced From Nd-Sr Isotope Compositions
The clear general trend to more positive (negative) Nd (Sr) isotope signatures of the detritus at the ocean margins shown in Figure 2 demonstrates the importance of the erosion of young volcanogenic material from South America and New Zealand. Figures 6 and 7 compare combined Nd and Sr isotope compositions of the detrital silicate samples of this study (symbols) with those of the lithologies and fine particles from the surrounding landmasses, which are the most likely source regions of the weathered terrigenous material supplied to the South Pacific (shaded areas). Figure 6 compares the isotopic compositions of the samples obtained from the New Zealand Margin sediments (orange diamonds) with the lithologies of the two dominant rock types of these islands: Geochemistry, Geophysics, Geosystems . This most probably indicates a fractionation of Sr isotopes due to grain size effects [Innocent et al., 2000; T€ utken et al., 2002] , which has been shown to result in more radiogenic Sr 87 /Sr 86 ratios as particle grain size decreases. This is consistent with the fact that these locations are most distant from the coast and are the deepest samples, which are expected to be primarily composed of finer particles due to longer transport. These four samples show similar bulk detrital Sr isotope composition to samples obtained from the northern flank of the Chatham Rise [Graham et al., 1997; Noble et al., 2013] characterized by Sr 87 /Sr 86 ratios > 0.709. Variations in the source provenance, which seems less probable due to the short distance to New Zealand, could also explain the mismatch between New Zealand's Torelesse rocks and samples 76-1, 78-1, 79-1, and 81-1. The similarity of the isotopic composition of these samples to circum-Antarctic detritus may suggest that a part of the detrital silicates that reaches the Bounty Trough may originate from Antarctica and has been transported in suspension in circumpolar waters and the DWBC. Where this current originates, south of the Bounty Trough, it initially decelerates because of its loss of momentum when it detaches from the ACC . This effect could be the cause for the settling of the transported fine particles. A similar mechanism has also been invoked for sediments in the Atlantic sector of the Southern Ocean [Franzese et al., 2006] . Figure 7 shows the Nd-Sr isotope compositions of the detrital silicate samples of this study (diamonds), excluding the samples from the New Zealand Margin (shown in Figure 6 ), and that of material that is likely to reach the South Pacific. These are the lithologies of the southern and austral Andes (red field), which will play an important role for the Chile Basin; dust and fine particles from Australia and New Zealand's North and South Islands (blue, yellow, and purple fields, respectively) brought by the dominant westerlies; and circum-Antarctic detritus to the south and southwest of the study area (West Antarctica, Ross Sea, and Wilkes Land; green and orange fields), from where the dominant oceanic currents may have transported this Antarctic lithogenic-derived material. Figure 3 ) and coded in black to light gray tones as a function to the distance to South America (see legend in the figure) . The most probable sources that surround the South Pacific are presented as colored Sr-Nd areas: the Southern [Hickey et al., 1986; Futa and Stern, 1988] and Austral Andes [Futa and Stern, 1988; Stern and Kilian, 1996] Long-distance transport from the continental sources allows only very fine-grained particles to reach these distal locations and therefore provenance rather than grain size has apparently been the most important factor controlling the Sr isotope composition of the detrital material in this area. This is also demonstrated by the significant correlation with the Nd isotope compositions of R 2 5 0.81 (excluding sample 57-1, clearly affected by MORB contributions (see section 3.1)). This correlation is geographically consistent given that e Nd signatures ( 87 Sr/ 86 Sr ratios) generally decrease (increase) from near South American sites toward the open ocean: Chile Basin >(<) Chile Rise >(<) EPR and SWP, confirming the Andes as one of the source end-members. Fine-grain dust from North Island (New Zealand) also falls in the same field as Andean rocks because of its mainly volcanic origin, but it seems less probable that its presence in the detritus increases with distance from New Zealand. Furthermore, the North Island is not under the direct influence of the westerlies as it extends into the subtropical ridge of high pressure [Delmonte et al., 2004] and therefore it is likely only a minor source region of detritus to the eastern South Pacific.
New Zealand Margin
Open South Pacific
Besides the south and Austral Andes, a second and robust end-member cannot be clearly deduced from Figure 7 as circum-Antarctic detritus and eolian dust from Australia and South Island (NZ) display similar SrNd fields. Nevertheless, almost all samples follow a trend that clearly diverges from the West Antarctica and Ross Sea detritus, except for a few samples from the Chile Basin, which may indeed have been influenced by Antarctic-derived material transported to this location by surface currents such as the Humboldt Current. Whereas, we cannot completely exclude a contribution of Sr and Nd originating from residual coatings, this is not likely in view of the efficiency of the applied leaching procedures. The apparent bowing of the mixing line is most likely simply caused by a lack of combined Sr and Nd isotope data in the Sr isotope range between 0.705 and 0.708. Therefore, the main source candidates for the detritus arriving in the South Pacific remain Australian and South Island (NZ) dust, as suggested by other authors before [e.g., Rea, 1994; Stacin et al., 2008] . The large arid continent of Australia, the eastern part of which is affected by the westerlies that move toward the South Pacific [e.g., Leinen et al., 1986; Hesse, 1994] , has been even considered as the greatest contributor to atmospheric dust in the Southern Hemisphere [Tanaka and Chiba, 2006] . Central and east Australia present a huge variety of lithologies and therefore also display a large Nd-Sr field; nevertheless, the main area providing dust to the South Pacific are the Lake Eyre and Murray River Basins [McTainsh, 1989; McGowan and Clark, 2008; Albani et al., 2012] , the Nd-Sr isotope composition of which ranges between 23 and 28 and 0.7090 and 0.7019, respectively [Revel-Rolland et al., 2006] .
On the other hand, eastern South Island (NZ), although being smaller and wetter, also represents a major dust source to the South Pacific because of its proximity and because it has large loess deposits [Berger et al., 2002; Eden and Hammond, 2003] susceptible to transport by wind, especially during glacial periods when a large part of the New Zealand continental shelf was exposed. During the glacial period the dust deposition in the Pacific sector of the Southern Ocean was higher [e.g., Lamy et al., 2014] and as a consequence of the low sedimentation rates in our study area (see section 3.4) significant amounts of southern New Zealand glacial-detritus probably reached our study sites.
In summary, both South Island (NZ) and southeastern Australia probably contribute similar amounts of dust [see also Stancin et al., 2008] and can be considered the major sources of detrital silicates found in the SW Pacific Basin and Chile Rise near 45 S, confirming the absolute predominance of these dust sources until at least 110 W in this latitude [McGowan and Clark, 2008; Albani et al., 2012] . In contrast, east of this longitude, the influence of these two sources in the detritus decreases, especially in the Chile Basin, where South American material contributes significantly, potentially also receiving supplies from the Antarctic.
Conclusions
The results of this study suggest that seawater-sediment interaction ''boundary exchange'' does not play a significant role for the Nd isotope composition of bottom waters of the western South Pacific. No alteration of the bottom waters could be found by comparing the core-top detrital silicate signature with the directly overlying seawater value [Molina-Kescher et al., 2014] at the Bounty Trough off New Zealand. At this continental margin location, dominated by terrigenous input, this probably results from a combination of the low sedimentation rates and low organic matter content causing low reactivity of the detrital silicate fraction in the area of rapid bottom water flow.
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We compared authigenic and detrital core-top e Nd signatures to those of bottom waters in order to identify the most reliable method to extract seawater Nd signatures from South Pacific sediments. Authigenic seawater signatures extracted from ''unclean'' planktonic foraminifera; fossil fish teeth and ''nondecarbonated'' leachates are offset to more radiogenic values from seawater e Nd signatures. Independent evidence, such as REE patterns and Al/Ca measurements on ''unclean'' foraminifera indicate, however, that these three extraction methods effectively record bottom seawater signatures. We suggest that the observed offset between sediment and seawater Nd isotope compositions originates from the low sedimentation rates observed in this area, confirmed by 14 C ages of up to 24 kyr. Thus, the authigenic e Nd signature obtained from the coretop sediments integrates the Nd isotope signal of the Holocene and the last glacial to differing extents.
Detrital Nd and Sr isotopes indicate that the dominant sources of terrigenous material reaching the South Pacific between 35 S and 50 S are southeastern Australia and the South Island of New Zealand, the finegrained material of which is transported by the dominant Westerlies. The influence of these two sources decreases toward the east, especially in the Chile Basin, where the detritus contains increased amounts of weathered material from the Southern and Austral Andes. Antarctica may also be a contributing source to the deposited lithogenic material of the South Pacific, especially in the domains of the Deep Western Boundary Current and the Humboldt Current. We would like to thank the ''Bundesministerium f€ ur Bildung und Forschung, Germany'' for funding this project (03G0213B) as well as the crew members and participants of expedition SO213, in C dating and % weight data. We also want to thank C. Basak and E. E. Martin for helping with the identification of the fish teeth, J. Heinze for laboratory assistance and Derek Vance for the edition of this paper. Comments by A. Piotrowski, G. Bayon, N. Fagel, and an anonymous reviewer improved the quality of this paper significantly. All the results presented in this study are available in the database of PANGAEA V R (www. pangaea.de).
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